1. Introduction {#sec1}
===============

Complex regional pain syndrome (CRPS) is a form of spontaneous or stimulus-induced chronic pain that most often affects one limb (arm, leg, hand, foot) usually after an injury and lasting over six months \[[@bib1]\]. Also, CRPS is previously known as Sudeck\'s atrophy (or dystrophy), algoneurodystrophy, algodystrophy, reflex neurovascular dystrophy, and reflex sympathetic dystrophy (RSD). CRPS is believed to be produced by dysfunction of the central and peripheral nervous systems \[[@bib2]\]. CRPS is characterized by severe prolonged pain, changes in skin color and temperature, swelling, and bone loss in the affected limb \[[@bib1], [@bib2]\]. CRPS is divided into two types: I and II. Patients who have reflex sympathetic dystrophy syndrome without confirmed nerve injury are categorized as having CRPS-I \[[@bib3]\].

However, CRPS-II, which is known as causalgia, occurs when there is associated and established nerve damage \[[@bib3]\]. As there is no golden test for CRPS, there are many diagnostic criteria \[[@bib4]\]. Also, the heterogeneity of patients\' signs and symptoms makes it difficult to compare the studies to explain pathophysiological mechanisms or to evaluate treatment outcomes \[[@bib5]\]. Consequently, this review aimed to reveal the updated therapeutic strategies based on the recent understanding of the pathophysiology of CRPS and to discuss novel approaches and techniques for managing this condition.

2. Research method {#sec2}
==================

The databases used were PubMed, McGill University database, and the Cochrane database and MEDLINE, using the keywords "CRPS, pain, pathophysiology, treatment, and future therapy" and other old names or synonyms of CRPS before 1994, such as reflex sympathetic dystrophy syndrome, algodystrophy, and causalgia. The literature selected was focused on complex regional pain syndrome in patients who suffered from severe limb pain after surgery or trauma. However, reports that studied other kinds of pain were excluded, such as rheumatolic pain, visceral pain and psychogenic pain. Initially, we searched related published studies for the last three decades and identified studies that assessed the updated management and the pathophysiology of complex regional pain syndrome. The literature was reviewed and evaluated for quality and relevance, and our findings were summarized in this paper as following.

2.1. Study selection {#sec2.1}
--------------------

Getting an adequate number of articles is the necessity for providing updated information, we recommend to select studies and accepted manuscripts based on abstracts and keywords for CRPS and were combined in searches of Web of Science for articles dated from 1989 to 2019. Then, the traditional snowball method was used to select literature that the clinical research team deemed most relevant. Also, inclusion and exclusion criteria were screened and selected by all of the authors. Inclusion criteria for extracting data were selected from the papers have written in the English language according to the abstract of systematic review and keywords. We exclude the articles have written in the non-English language.

2.2. Data extraction {#sec2.2}
--------------------

We retrieved 95 extracted papers by reviewing and analyzing data by Dr. Blaise, and also we are compared the data from the previously defined therapeutic interventions and findings in order to figure out the most frequent pathogenesis and potential novel therapeutic strategies for this condition. Therefore, obtained information was summarized and analyzed into specific parts to establish the research question ([Figure 1](#fig1){ref-type="fig"}).Figure 1Research strategy: A graph representation.Figure 1

2.3. Data analysis {#sec2.3}
------------------

There were no specific variables in these articles which have shown a strong evidence to compare and to analyze case reports, clinical studies and cross-sectional studies for establishing research question. The review has been organized at a high level heterogeneity, scalability, and consistency. Further, using theses measurements might have its strengths and weaknesses, thus the choice depends on the objective of the research and the availability of data.

3. Diagnostic criteria {#sec3}
======================

Typically, there is no golden test for CRPS; therefore, the assessment of clinical criteria and an exclusion diagnosis are an entirely potential way to figure out the diagnosis of CRPS \[[@bib5], [@bib6]\]. [Table 1](#tbl1){ref-type="table"}. Illustrates the International Association for the Study of Pain (IASP) diagnostic criteria for CRPS.Table 1IASP diagnostic criteria for CRPS \[[@bib6]\].Table 1**CRPS I**1.The presence of an initiating noxious event, or a cause of immobilization.2.Continuing pain, allodynia, or hyperalgesia in which the pain is disproportionate to any known inciting event.3.Evidence at some time of edema, changes in skin blood flow, or abnormal sudomotor activity in the region of pain.4.This diagnosis is excluded by the existence of other conditions that would otherwise account for the degree of pain and dysfunction \*Not required for diagnosis.**CRPS II**1.Type II is a syndrome that develops after nerve injury. Spontaneous pain or allodynia/hyperalgesia occurs and is not necessarily limited to the territory of the injured nerve.2.There is or has been evidence of edema, skin blood flow abnormality, or abnormal sudomotor activity in the region of the pain since the inciting event.3.This diagnosis is excluded by the existence of conditions that would otherwise account for the degree of pain and dysfunction.

However, these criteria were not widely accepted since they lack specificity and internal validity. Consequently, Bruehl and Harden have modified the IASP diagnostic criteria \[[@bib2], [@bib4], [@bib6]\]. Whereas IASP criteria are based on patient-reported symptoms alone, the Harden/Bruehl criteria have necessitated physicians to assess and exam patient\'s signs in at least 2 out of 4 categories that are shown in [Table 2](#tbl2){ref-type="table"} \[[@bib6]\].Table 2The Harden/Bruehl Criteria, which became The Budapest Research Criteria after the clinical decision rule is modified and adjusted to be at least 2 sign and at least 4 symptom categories \[[@bib6]\].Table 21.Continuing pain is disproportionate to any inciting event.2.Must report at least one symptom in each of the four following categories:Sensory: report of hyperesthesiaVasomotor: reports of temperature asymmetry and/or skin color changes and/or skin color asymmetry.Sudomotor/edema: reports of edema and/or sweating changes and/or sweating asymmetry.Motor/trophic: reports of decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin).3.Must display at least one sign in two or more of the following categories:Sensory: evidence of hyperalgesia (to pinprick) and/or allodynia (to light touch) vasomotor: evidence of temperature asymmetry and/or skin color changes and/or asymmetry.Sudomotor/edema: evidence of edema and/or sweating changes and/or sweating asymmetry.Motor/trophic: evidence of the decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin).4.There must be no other diagnosis that better explains the signs and symptoms.

Moreover, the Budapest consensus panel has suggested another subtype of CRPS, namely CRPS not otherwise specified (CRPS-NOS) which partially meets the CRPS diagnostic criteria and is not explained by other conditions \[[@bib6]\]. Additionally, CRPS-NOS patients were diagnosed with CRPS, but recently, they do not meet the Budapest criteria \[[@bib6]\]. However, much larger multiethnic and multinational patient samples are advised to be analyzed to eliminate the differences and increase the sensitivity of Budapest Research Criteria \[[@bib6]\]. In contrast, in 1993, all patients had been presented at the outpatient clinic of the department of surgery, Nijmegen University Hospital, were clinically assessed the manifestations of RSD. As RSD was not clearly understood, thereby following specific criteria were used to assess patient\'s proportion, which meets the Veldman criteria, [Table 3](#tbl3){ref-type="table"} \[[@bib7]\].Table 3The Veldman criteria \[[@bib7]\].Table 31.The presence of 4 out of 5 of the following:•Unexplained diffuse pain.•Difference in skin color relative to other limbs.•Diffuse edema.•Difference in skin temperature relative to other limbs.•Limited active range of motion.2.Occurrence or increase of above signs and symptoms after use.3.The above signs and symptoms are present in an area larger than the area of primary injury or operation and include the area distal to the primary lesion.

In general, the key symptom of CRPS is prolonged intense pain that may be constant. It has been described as a "burning" or "pins and needles" sensation, or as if someone was squeezing the affected limb \[[@bib3]\]. The pain might spread to the entire arm or leg, even though the injury might limited only to involve a finger or a toe. In rare cases, pain can sometimes travel to the opposite extremity. The affected area has often increased the sensitivity, known as allodynia, in which regular contact with the skin is experienced as very painful \[[@bib3], [@bib8]\].

Based on the previous studies, which have concluded patients with CRPS have experience changes in skin temperature and color and swelling of the affected area \[[@bib4]\]. This condition occurs due to abnormal microcirculation caused by damage to the nerves controlling blood flow and temperature \[[@bib3], [@bib4], [@bib8]\]. As a result, an affected limb may feel warmer or cooler compared to the opposite limb. In addition, the skin on the affected area might have changed color, becoming blotchy, blue, purple, or pale \[[@bib3], [@bib4], [@bib5], [@bib8]\].

**Common manifestations of CRPS**•Stiffness in affected joints.•Change in nail and hair growth patterns.•Change in skin texture on the damaged area; it may appear shiny and thin.•An abnormal sweating pattern in the affected and surrounding areas.•Coordinating muscle movement disorder, with decreased ability to move the affected body part.•Abnormal movement in the involved limb, most often fixed abnormal posture (dystonia) with jerking of the affected part \[[@bib4], [@bib5]\].

3.1. Differential diagnosis {#sec3.1}
---------------------------

CRPS diagnosis is mainly based on medical history and clinical examination with different tests that can help to exclude other diagnoses, [Table 4](#tbl4){ref-type="table"} \[[@bib9]\]. Indeed, the neurological examination is extremely significant, such as conduction velocity studies to exclude nerve lesions \[[@bib9]\]. However, electromyography procedures could be unnecessary because they are so painful, and their results do not have any effect on the therapy \[[@bib9]\]. Also, quantitative sensory testing (QST) or bedside sensory testing is helpful to detect small fiber dysfunction \[[@bib9]\]. In order to assess central pathways, the previous producers should be accompanied with transcranial magnetic stimulation of motor pathways and somatosensory evoked potential studies \[[@bib9]\]. Additionally, clinicians and pain specialties should be aware to exclude the other medical conditions by ordering investigations, such as severe skin infections and chronic rheumatic diseases as summarized in [Table 4](#tbl4){ref-type="table"} \[[@bib10]\].Table 4Technical investigations used to exclude differential diagnosis \[[@bib10]\].Table 4Investigation/parameterExclusion/suspicion of-White blood cell countInfection (e.g., postoperative)-C-related peptide,Rheumatic disease-Blood sedimentation rate, ANA-Plain x-rayFracture, nonfusion, osteoarthritis,Rheumatic arthritis, osteomyelitis,-Tc99m bone scintigraphyRheumatic arthritis, polyarthritis,Osteoarthritis, Osteomyelitis-Magnetic resonance imagingFatigue, fracture, nonfusion,Osteomyelitis, tendovaginatis

4. Pathophysiology {#sec4}
==================

There is a recent universal agreement that CRPS is caused by a multifactorial process that involves both the peripheral and central nervous systems \[[@bib11]\]. There is evidence of each of the mechanisms that have a role in the development of CRPS, although there is little experimental data about how these mechanisms may have interacted to produce this syndrome \[[@bib12]\]. The variety of manifestations seen in CRPS depends on the relative contributions of different processes that can differ among patients over time ([Figure 2](#fig2){ref-type="fig"}) \[[@bib5], [@bib6], [@bib12]\]. For instance, fracture or sprain causes have represented approximately 60% of CRPS patients, and the symptoms are extensive wide and severe. Many clinical trials have been categorized the remaining alleged events that comprise the other estimated 40% are even more imprecise, and in some CRPS cases, causes are not recognized \[[@bib12]\]. Therefore, we will discuss the pathophysiological mechanisms that are involved in the development of CRPS.Figure 2The speculative model illustrates the interacting different pathophysiological mechanisms of complex regional pain syndrome.Figure 2

4.1. Inflammatory mechanism {#sec4.1}
---------------------------

CRPS patients supposedly exhibit all the signs of inflammation, such as heat, pain, redness, and swelling \[[@bib6]\]. Several clinical trials, CRPS symptoms have been significantly improved by corticosteroids, suggesting that inflammatory mechanisms contribute to CRPS, especially in the acute phase \[[@bib13]\]. Some studies have detected the presence of Langerhans cells in skin biopsies from CRPS patients and another study has observed cellular infiltration, mainly lymphocytes, in synovial biopsy specimens \[[@bib6],[@bib14]\]. Also, the inflammatory process that contributes to CRPS might result from two inflammatory cascades. Firstly, the classic inflammatory mechanisms through immune cells actions, such as mast cells and lymphocytes \[[@bib15]\]. Post-traumatic soft tissue, mast cells and lymphocytes release proinflammatory cytokines, including tumor necrosis factor (TNF)-α, interleukin-1β, -2, and 6. Subsequently, these substances elevate plasma extravasation and cause localized edema \[[@bib15]\].

Secondly, neurogenic inflammation mechanisms through the direct release of neuropeptides and proinflammatory cytokines from nociceptive fibers contribute CRPS in response to different triggers, e.g. nerve injury \[[@bib16]\]. Neuropeptide mediators (calcitonin gene-related peptide (CGRP), substance P, and bradykinin) increase plasma extravasation and cause vasodilation, leading to the warm, red, and edematous \[[@bib16]\]. In addition, the concept of neurogenic inflammation includes that distinct classes of C-fibers have an afferent mediation function of pain and itch and an efferent neuro-secretory function \[[@bib17]\]. Significantly, mechano-heat-insensitive C-fibers (C-MiHi), which is known as silent nociceptors because they don not response to a physiological or mechanical stimulus. These chemoreceptors and released neuropeptides are stimulated via inflammatory mediators \[[@bib18],[@bib19]\], which lead to activate central sensitization (e.g. the secondary mechanical hyperalgesia development) by C-MiHi \[[@bib20]\]. Several studies have proven the increase in neuropeptides release in CRPS patients and normalize the releasing level after sufficient therapy \[[@bib17],[@bib20],[@bib21]\]

Additionally, CGRP increases oedema, vasodilatation, and sweating by a peripheral mechanism (the symptoms that are well observed in CRPS patients), and neuropeptides and proinflammatory cytokines cause peripheral sensitization that lead to stimulate nociceptive responsiveness \[[@bib16], [@bib22]\]. Many research have been carried out on patients with CRPS in order to prove a significant increase in proinflammatory cytokines \[[@bib23]\], and a reduction in anti-inflammatory cytokines systemic levels (interleukin-10) that might exaggerate the inflammatory mechanism \[[@bib24]\]. Also, elevated CGRP and neuropeptides levels may cause trophic and autonomic signs, such as swelling, hyperhidrosis, and erythema \[[@bib15]\]. Thus, inflammatory factors are considered as the cardinal features of CRPS.

4.2. Altered cutaneous innervation {#sec4.2}
----------------------------------

Even though CRPS-I is a dystrophy syndrome without confirmed clinical nerve injury, a recent study believed that has shown an initial nerve trauma is a significant trigger for CRPS cascade \[[@bib1],[@bib10]\]. This hypothesis is approved by skin biopsy examination, which was obtained from CRPS-I patients who did not have any clinical signs of nerve injury \[[@bib25]\]. In a clinical study, the densities of epidermal neurites were up to 29% lower in CRPS-affected limbs compared to unaffected limbs; thus these changes might affect nociceptive fibers \[[@bib25]\]. Even though C-fibers are stimulated in CRPS, a clinical study has shown that a significant loss in C-fiber and Aδ-fiber density was reported in CRPS-I affected limbs \[[@bib26]\]. Moreover, innervation alteration around sweat glands and hair follicles was detected in CRPS-I patients. In vivo study has highlighted that the change in distal extremity innervation in CRPS-I might be an outcome of the injury triggering CRPS. However, more clinical trials are requested to prove the relation between neurite loss and injury initiating CRPS \[[@bib26],[@bib27]\].

4.3. The sympathetic nervous system {#sec4.3}
-----------------------------------

The clinical course of CRPS during its chronic phase is characterized by the affected area being bluish and cold due to vasoconstriction. This mechanism has suggested by excessive sympathetic nervous system function activity, which is considered an indicator of disease progression and contributing factor for the pain \[[@bib28]\]. Experimental studies have reported that expression of adrenergic receptors on nociceptive fibers after tissue damage and nerve trauma might provide a potential mechanism for sympathetically induced pain \[[@bib11],[@bib29]\].

4.4. Role of circulating catecholamines {#sec4.4}
---------------------------------------

The clinical presentation of CRPS depends on various processes that progress from the acute phase to the chronic phase, and could lead to attribute to change in catecholaminergic actions. Therefore, during the acute phase, the injured part has reduced levels of circulating plasma norepinephrine compared to an unaffected area \[[@bib11],[@bib30]\]. Also, there is a compensatory upregulation mechanism at peripheral adrenergic receptors that may lead to higher sensitivity to circulating catecholamines \[[@bib30]\].

4.5. Autoimmunity {#sec4.5}
-----------------

It has been suggested that autoimmunity might play a role in the development of CRPS by the presence of immunoglobulin G (IgG) autoantibodies surface-binding to autonomic neurons in the serum of CRPS patients \[[@bib31],[@bib32]\]. This would be supported by the findings of a small pilot study where patients with CRPS were given intravenous immunoglobulin treatment. The therapy demonstrated a significant reduction in pain symptoms when compared with placebo \[[@bib33]\].

4.6. Brain plasticity {#sec4.6}
---------------------

Neuroimaging testing of CRPS patients has observed a significant decrease in a region of the somatosensory cortex that represents the CRPS-affected body part compared to that of the unaffected area \[[@bib34], [@bib35], [@bib36]\]. Therefore, this extension of sensory damage may be significantly correlated with the pain intensity and degree of hyperalgesia experienced in patients with CRPS. These alterations would return to normal after successful CRPS management \[[@bib37]\].

4.7. Genetic effects {#sec4.7}
--------------------

However, there is a lack of compelling evidence regarding the effect of genetic factors on CRPS; some family-based studies have reported a genetic predominance for developing this condition \[[@bib38]\]. Further, some genes of the major histocompatibility complex are related to this condition, such as human leukocyte antigen (HLA) molecules, HLA-B62, and HLA-DQ8 allele were found to be highly correlated as potential pathogenesis for CRPS \[[@bib39]\].

4.8. Psychological influence {#sec4.8}
----------------------------

Chronic persistent pain affects the health-related quality of life and the emotional and psychological wellbeing of patients with CRPS \[[@bib40]\]. The prevalence of psychological disorders in patients with CRPS, such as anxiety and depression, and the unusual nature of clinical manifestations were suggested to play a role in the development of CRPS. After fractures of the distal radius in elderly patients, these psychological factors were observed at a higher rate of occurrence in CRPS \[[@bib40]\]. However, there is no clear evidence to confirm this correlation, and other studies have failed to prove this relation \[[@bib11],[@bib40]\].

4.9. CRPS and malignancy {#sec4.9}
------------------------

Several studies have revealed that complex regional pain syndrome type I is unusually associated with a variety of malignancies, which might lead to intense pain in debilitating patients \[[@bib41]\]. The relationship between cancer and CRPS was observed since long time ago nearly 60 years. The majority of these patients had diagnosed in upper limbs CRPS-I within a limited periods from 4 to 6 months were recorded from the onset of CRPS-I to actual diagnosis of malignancy \[[@bib41]\].

Occult cancer should be suspected and considered when CRPS type I presents itself in the absence of a clear explanation, particularly in cases with a high risk of developing cancer. There are numerous studies have proven that CRPS-I may have involving gynecologic cancers, such as cervical and vulvar malignancies that may lead to CRPS-I in the lower extremities. However, ovarian tumors can commonly cause upper extremity CRPS-I \[[@bib41]\]. More recently, case report has found out the metastasized lung cancer adenocarcinoma to left proximal phalanx of the third digit that leads to diagnose complex regional pain syndrome, as a result there was no clinical improvement of that lesion over a period of 3 months before presenting to the emergency department \[[@bib42]\].

In order to diagnosis of CRPS-I in patients associated with malignancies is usually depended on clinical features after excluding other existent diseases, which could be accounted by assessing the intensity of pain and dysfunction \[[@bib41]\]. Furthermore, the diagnostic criteria of CRPS-I may increase by requiring at least two positive criteria and four categories of clinical manifestations that may help to differentiate CRPS-I in cancer patients \[[@bib41],[@bib43]\].

5. Management {#sec5}
=============

Based on reports, some CRPS cases can be resolved with conventional medical therapies, but in general, the management of CRPS may be a difficult challenge for clinicians and pain specialties as the syndrome is a complex physio-psychosocial condition \[[@bib44]\]. Thus, chronic CRPS is suggested to be treated with a comprehensive, multidisciplinary approach that includes medical, psychological, and physical and occupational therapy components \[[@bib45]\]. However, many clinical trials in CRPS have been increasing in recent years, the therapeutic approaches used and the results obtained are the subjects of much controversy \[[@bib46]\].

This review aims to examine the benefits from physical, occupational and psychological therapies ([Figure 3](#fig3){ref-type="fig"}), as well as to find out the evidence for the safety and efficacy of pharmacological interventions, such as sub-anesthetic intravenous ketamine, bisphosphonates, surgical sympathectomy, spinal cord stimulation and other new therapeutic strategies \[[@bib46],[@bib47]\].Figure 3The Summarized algorithm of management CRPS that explains multiple therapeutic approaches and interventions depend on the severity of the condition.Figure 3

5.1. Physical and occupational therapies {#sec5.1}
----------------------------------------

Physical and occupational therapies are important steps in the rehabilitation process in patients with CRPS. Patients might have kinesophobia (the pathological fear of motion), and the goal of treatment is to overcome fear of pain. This approach could involve several therapeutic modalities \[[@bib46],[@bib48]\]. These include massage, elevation, and transcutaneous electrical nerve stimulation, and contrast baths, gentle range of movement of the affected limb, strengthening exercises, and stress loading of the involved part along with providing of adequate analgesia. As a result, this kind of therapy encourages CRPS patients to use the affected limb in daily activities \[[@bib49],[@bib50]\].

5.2. Pharmacological interventions {#sec5.2}
----------------------------------

### 5.2.1. Anti-inflammatory medications {#sec5.2.1}

Although the efficacy of NSAIDs in reducing neuropathic pain in some medical conditions has not been proved yet, the inflammation process has a role in CRPS pathogenesis, especially in the early stages \[[@bib51]\]. Thus, these medications work by suppressing cyclooxygenase-1 and -2, leading to a decrease in prostaglandins secretions that exaggerate inflammatory mechanism. This could lead to inhibit an overall anti-inflammatory process and reduce pain severity. Several studies have been involved the prescribing of NSAIDs in CRPS were not sufficient, and results have been controversial \[[@bib52],[@bib53]\]. In 2014, a group of individuals had been examined for the short term use of parecoxib to control the intensity of pain and swelling in CRPS patients \[[@bib49]\]. The study sample was twenty CRPS patients with upper limb injured were recruited and randomised for receiving intravenous parecoxib 80 mg for 2 days or placebo each day \[[@bib49]\]. The findings have shown no differences between the two groups \[[@bib52]\].

Additionally, there is a study which has compared the efficacy of the corticosteroid vs the NSAIDs in patients with CRPS type I after the cerebrovascular attack; thus the results have shown that the group taking steroid had been had significantly improved in signs and symptoms of CRPS in compared to the group taking NSAIDs \[[@bib54]\]. In 2010, a randomised study had investigated whether a single dose of intrathecal methylprednisolone 60 mg in patients with chronic CRPS might have a positive effect on controlling pain severity and reducing inflammation in involved limb \[[@bib54]\]. However, administrating steroid for a long-term period and its adverse effects have been well established \[[@bib54]\].

### 5.2.2. Bisphosphonates {#sec5.2.2}

Bisphosphonates have been suggested to use for CRPS management; however, the mechanism of pain reduction is not well understood \[[@bib55]\]. Some theatrical research has been involved in the ability of bisphosphonates for modulating inflammatory mechanisms, suppressing bone marrow cell growth, and decreasing the bone microenvironment acidity \[[@bib54],[@bib56]\]. In 2013, a Cochrane article has been published, which is indicated the evidence for use bisphosphonates as an effective for pain intensity in patients with CRPS was of low quality and insufficient. Based on the most recent meta-analysis, the investigators concluded that bisphosphonates have therapeutic efficacy for reducing pain in a patient with CRPS; however, further research was needed \[[@bib44]\].

### 5.2.3. Ketamine infusion {#sec5.2.3}

Using Ketamine to manage CRPS patients is based on its action to block NMDA receptors. Experimental evidence has suggested that the clinical manifestations of CRPS produced by a sufficient painful stimulus that could lead to increase and extend glutamate release from first order nociceptive afferents \[[@bib57]\]. Also, the releasing glutamate stimulates NMDA receptors on second-order neurons within the spinal cord that lead to central sensitization. Therefore, blocking NMDA receptors might also prevent cellular supporting mechanisms. Further, several studies were shown successful management of patients had been considered refractory to traditional CRPS treatments with low-dose ketamine infusions \[[@bib57]\].

A randomized placebo-controlled trial revealed that IV ketamine with the rage of dose 0.35 mg/kg over 4 h for ten days found out a significant pain reduction in patients with CRPS. Additionally, a study has reported potent analgesia of transient duration while other studies revealed with more prolonged infusions for two weeks, as well as have shown analgesia extended up to 3 months \[[@bib58],[@bib59]\].

### 5.2.4. Neuropathic pain medications {#sec5.2.4}

Neuropathic pain medications have not been potentially investigated for treating CRPS. Based on their safety and efficacy in treating other neuropathic diseases; therefore, the evidence of using neuropathic pain medications for managing patients with CRPS is limited \[[@bib60]\]. For example, Gabapentin which works by binding to the a2-d subunit of voltage-dependent calcium channels, has proven the efficacy in pain control in patients with CRPS \[[@bib61],[@bib62]\]. More recently, in 2016, a clinical trial has investigated amitriptyline vs gabapentin for CRPS -I in the pediatric age group was found both medications were effective in improving sleep and minimizing pain severity, as well as there is no statistically significant difference between the medications \[[@bib63]\]. Thus, the administration of other neuropathic pain agents by pain specialists for treating patients CRPS is empirical and depends on each clinician\'s preference and experience \[[@bib63]\].

### 5.2.5. Intravenous immunoglobulin {#sec5.2.5}

A clinical study has found that intravenous immunoglobulin (IVIG) can reduce the pain intensity in patients suffering from CRPS \[[@bib64]\]. IVIG has been suggested as a novel therapeutic modality for chronic CRPS patients. The best evidence has been figured out from a double-blind, placebo-controlled cross-over trial in 13 patients who received IVIG 0.5 g/kg or saline, were separated by a washout period of greater than 28 days. The results illustrated by the average pain severity that was reduced by 1.55 on a 0--10 pain rating scale in the IVIG group \[[@bib33],[@bib65]\]. We need more studies in future for supporting IVIG has a role in treating patients with CRPS.

### 5.2.6. Intravenous magnesium {#sec5.2.6}

The efficacy of IV magnesium in CRPS is very controversial \[[@bib66]\]. Although some studies showed it to be a good choice for acute stage CRPS type I management, others showed magnesium have no significant benefit over placebo \[[@bib66]\].

### 5.2.7. Epidural clonidine {#sec5.2.7}

Double-blind and controlled trials have resulted in a statistical significance of pain control from epidural clonidine injections in patients with CRPS. However, they also revealed significant adverse effects with both single injections and continuous epidural infusions \[[@bib67]\]. A clinical study has shown the difference of epidural infusion of clonidine with range 300 μg and 700 μg, or normal saline in random order \[[@bib67]\]. The researchers investigated the findings by comparing to the placebo group; therefore, the pain was notably reduced in both treatment groups throughout the study period \[[@bib68]\] with appreciate and monitor the adverse events of clonidine (e.g. hypotension).

### 5.2.8. Novel compound analgesic cream (CAC) {#sec5.2.8}

A study has reported evidence of topical combinations of α-2 adrenergic receptor agonists or nitric oxide (NO) donors with phosphatidic acid inhibitors. These agents formulated to manage microvascular damage and to decrease allodynia in a rat model of CRPS type I \[[@bib69]\]. Based on these findings, researchers assessed the outcomes of CRPS patients who were treated with a compound analgesic cream (CAC) that consisted of 10% of ketamine, 6% of pentoxifylline, 0.2% clonidine, and 6--10% of dimethyl sulfoxide \[[@bib69]\]. The results have significantly supported the topical combination of ketamine, pentoxifylline, and clonidine as a potential therapeutic regimen for patients with CRPS. Over 50% of patients reported benefits with the use of CAC and pain reduction. Further, the CAC has potentially demonstrated to resolve CRPS symptoms and carried out the resolution of a pre-CRPS diagnosis, as well as the importance of recognizing this progressive syndrome in its early stages \[[@bib69]\].

5.3. Surgical interventions {#sec5.3}
---------------------------

Neuromodulation might have a role in managing in patients with CRPS, especially those who are unresponsive to sympathetic blockade procedure \[[@bib70]\]. One RCT has been found out that spinal cord stimulation (SCS) and physiotherapy are effective for reducing pain in compared to physiotherapy alone at 6 months and 2 years although this effectiveness decreased at a long-term follow up of 5 years \[[@bib71]\].

### 5.3.1. Spinal cord stimulation {#sec5.3.1}

If pharmacotherapy has failed to improve a patient\'s condition, it is very crucial to move on to a trial of spinal cord stimulation (SCS) \[[@bib72]\]. It has been shown that two-thirds of patients treated with permanent SCS implantations had improved function and normalizing daily activities \[[@bib73]\]. Therefore, there would be significant evidence to support the value of SCS in the management of patients with CRPS, who have experienced lower benefit from traditional therapies \[[@bib73]\].

5.4. Plasma exchange {#sec5.4}
--------------------

More recently, understanding of the autoimmune etiology of CRPS has indicted the essential use of plasma exchange treatment, which has demonstrated benefit in other autoimmune disorders \[[@bib74]\]. A clinical study, 91% of patients stated significant pain relief of 64% following treatment. Also, weekly therapy was shown to be successful in sustained pain control in 45% of patients with CRPS \[[@bib74]\].

5.5. Others {#sec5.5}
-----------

Topical preparations of antioxidants such as dimethyl sulfoxide (DMSO) and N-acetylcysteine have been potentially revealed decreasing pain intensity \[[@bib72]\]. More recently, vitamin C has proven as the most effective preventative therapy for developing CRPS and is commonly administrated following extremity surgery \[[@bib75],[@bib76]\]. Also, mannitol (a free radical scavenger) has been reported to attenuate the inflammatory cascades induced by oxygen due to tissue damage in CRPS. However, these results are controversial with other studies \[[@bib77],[@bib78]\].

5.6. Future therapy {#sec5.6}
-------------------

Our aim in this review is to continue and to grow understanding the CRPS pathophysiology, as well as our scope for the finding out a novel or existing agents to manage the various disease mechanism cascades. The neurogenic inflammation that occurs in CRPS could be attributed in part to the activation of microglia, which is regulated by the toll-like receptor (TLR) signaling. For example, naltrexone has antagonistic effects at the TLR-4 and, hypothetically, suppresses inflammatory mechanism \[[@bib79], [@bib80], [@bib81]\]. Therefore, administrating low dose of naltrexone increases opioids activity and significantly reduced pain in CRPS patients \[[@bib81],[@bib82]\]. Other therapeutic approaches for CRPS are based on the vascular effect on endothelial cell production and function that act by increasing nitric oxide synthase, and rising carbon monoxide level, as well as decreasing free radicals production in endothelial cells.

6. Discussion {#sec6}
=============

CRPS is mistakenly referred to as chronic regional pain syndrome. Chronic regional pain syndrome has been named many various synonymous terms, including Sudek\'s atrophy, reflex sympathetic dystrophy, shoulder-hand syndrome, and algodystrophy \[[@bib83]\]. The term CRPS has been used after being reviewed and renamed for several years; evidence that many aspects of the disease are unclear \[[@bib83]\]. The confusion part is due to the variety of applied diagnostic criteria for CRPS. Clinicians experience and clinical standards are suggested the use of the Budapest criteria for diagnosis and to clarify the clinical presentation of CRPS \[[@bib83]\] because the pathophysiological process for CRPS is not well understood \[[@bib83]\].

Early theories had just focused on hyperactive sympathetic responses causing the manifestations of CRPS \[[@bib84]\]. Additionally, the decreased adrenergic outflow from sympathetic neurons is compensated by latent receptor up-regulation while increasing receptor capacity, synaptic potency, and exaggerated response to natural neurotransmitter might also lead to provoking symptoms in patients with CRPS \[[@bib85]\].

In the absence of a standard golden test for the diagnosis of CRPS may lead to over or under diagnosis of this condition \[[@bib86]\]. CRPS can be defined as a complicated condition for both patients and clinicians. Recently, according to the European Pain Federation task force provide 17 standards of the diagnosis and treatment of CPRS in Europe \[[@bib86]\]. These are considered achievable for most countries, and aspirational for a minority of countries depending on their healthcare resources and structures. Therefore, the clinicians should quickly help to narrow down the differential diagnoses \[[@bib87]\]. For instance, inflammatory arthropathies, which affect the hand and wrist, including rheumatoid arthritis, and gout, as well as infection, should be involved as a differential diagnosis. Some of the radiographic features of CRPS show a normal joint space and margin. This would help in differentiating CRPS from certain infectious conditions or some rheumatic conditions. Although the clinical findings of CRPS and gout do have several similarities, the radiographic findings for both gout and psoriatic arthritis are not consistent with those of CRPS \[[@bib87],[@bib88]\].

Para-clinical testing is essential for providing information about the sensory, motor and autonomic changes \[[@bib89],[@bib90]\]. In order to evaluate vascular and bone changes, we could use bone scintigraphy by providing simple radiography that is performed only in the chronic phase when the condition of the mineralization could be evaluated. Therapeutically, sympathetic blockade procedures were used as a diagnostic test and the management of chronic CRPS; however, some studies have shown that there is insufficient evidence reported pain and motor function improvement after sympathetic blockades. While many patients with CRPS have reported a positive effect after the sympathetic blockade, in contrast, others stated little success \[[@bib87],[@bib89],[@bib90]\].

Recently, there has been a shift towards re-instituted functional abilities as the primary goal of treatment rather than pain control. Therapeutic exercise is one of the critical elements of this approach. Physiotherapy is an essential treatment, although there is controversy whether or not the severe activity can be harmful at an early stage \[[@bib87]\]. A purpose of therapy is to improve joint movement, and passive strength movements are often unwanted and so painful and must be avoided in the acute phase \[[@bib87],[@bib89]\]. Passive treatment, followed by isometric and isotonic physiotherapy, can be done when the level of pain decreases. Therefore, a multidisciplinary approach for treating CRPS patients should be considered, and the primary purpose of pharmacological interventions is to eliminate pain \[[@bib88], [@bib89], [@bib90]\].

In the beginning, under the premise that neurologic inflammation is a pathologic mechanism, NSAIDs and steroids can be prescribed as a type of pain control agents. There is no long-term study of the use of these medications in the treatment of CRPS or other neuropathic pain; however, this is an initial treatment for pain control \[[@bib91]\]. Also, tricyclic antidepressant drugs have been shown to have analgesic effects when used at lower doses than those required to produce antidepressant effects. The effectiveness of TCA in CRPS patients may be related to its interrupting the cascade of pain by sleep and mood improvement \[[@bib91],[@bib92]\].

Additionally, for evidence-based practitioners, the practice of chiropractic has evolved to become more than merely joint manipulation. Recent studies suggest an increased awareness that many conditions require particular components of physiotherapy based interventions, including specific exercise regimens, as well as the recent two therapies include mirror therapy and graded motor imagery \[[@bib54],[@bib93]\]. Few studies have been published on the chiropractic treatment of CRPS and similar conditions, although a case report on the chiropractic treatment of CRPS demonstrated an improvement in upper limb symptoms \[[@bib90]\]. Because of the different presentation of symptoms and the extent of the condition, it can be challenging to determine which conservative therapies would be most beneficial in the treatment of CRPS. Clinicians and pain specialties must establish precise diagnoses and treatment protocols for this group of patients; more research is needed on therapies, such as chiropractic care, acupuncture, nutrition, massage and exercises related to physiopathology \[[@bib94],[@bib95]\].

7. Conclusion {#sec7}
=============

Although complex regional pain syndrome is an uncommon condition in the general population, it might happen in individuals who have a crush injury or post limb surgery. Several mechanisms of CRPS may be evident, both peripherally and centrally-involved, and these might differ across patients and even within patients over time. Recent clinical trials suggested that the most commonly used therapeutic interventions (sympathetic block) are probably ineffective for average patients. Also, the evidence-base regarding CRPS type II remains scarce as compared to CRPS type I. While there is still no successful therapy for CRPS to date, years of research have provided us with much valuable information and understanding of this condition\'s mechanisms. Continued effort is needed to explain the subgroups of patients who would benefit from the most currently available management. It is quite challenging to target a specific mechanism; however, a multidisciplinary approach is recommended for the management of CRPS patients. Therefore, the future of CRPS treatment may depend on combination therapy in terms of medical and surgical interventions, as well as studies investigating these approaches are necessary.

8. Summary {#sec8}
==========

•CRPS is clinically diagnosed.•No definitive diagnostic test is considered to be a gold standard for CRPS.•The pathophysiology of CRPS is still poorly understood. Peripheral and central sensitization and neuroimmune mechanisms are thought to play essential roles in CRPS.•CRPS might appear as a complication of various malignancies in advanced stages.•The management of CRPS depends on a multidisciplinary team approach, such as pharmacologic, interventional and neuromodulation.•CRPS is continuously developing and evidence-based managements for favorable results are insufficient.•Chronic pain and limb disability associated with CRPS may lead to psychological stress and depression.
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